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ARTICLE

Does the Porter hypothesis hold in China? Evidence from the 
low-carbon city pilot policy
Weiping Shena, Yong Wangb and Weijie Luo c

aDepartment of Urban Development and Environmental Studies, University of Chinese Academy of Social 
Sciences, Beijing, China; bInstitute of Finance & Banking, Chinese Academy of Social Sciences, Beijing, China; 
cCenter for China Fiscal Development, Central University of Finance and Economics, Beijing, China

ABSTRACT
Given the constraints of energy, environment, and climate change 
in the process of economic development, transitioning to a low- 
carbon economy by such means as the construction of low-carbon 
cities is a feasible approach to a sustainable development pattern 
that balances energy conservation, environmental protection, and 
economic growth. Utilizing the data of listed companies in China A- 
shares market over the period 2007–2016, we treat China’s low- 
carbon city pilot policy (LCCPP) as a quasi-natural experiment and 
adopt a difference-in-differences approach to explore the effect of 
LCCPP on the total factor productivity (TFP) of firms. Firm TFP is 
found to be negatively associated with the implementation of 
LCCPP. Our mechanism analysis reveals that the LCCPP stimulates 
innovation by firms in China, consistent with the weak Porter 
hypothesis. Moreover, the negative relationship between the 
LCCPP and TFP holds more strongly in larger firms or those located 
in the eastern region.
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1. Introduction

Global warming resulting from the emission of greenhouse gases (GHG), especially CO2, 
has aroused widespread attention due to its threats to biodiversity and the well-being of 
future generations. Total GHG emissions have grown at 1.5 percent per year over the last 
decade (2009-2018). The growth in global GHG emissions increased at a rate of 2.0 
percent, reaching 51.8 gigatonnes in CO2 equivalent (GtCO2e) without land-use change 
(LUC) in 2018, and there is no sign of a peak in any of these emissions (Olivier & Peters, 
2019).1 As the largest energy consumer in the world, China emits more than one-quarter 
of global emissions (excluding LUC). Despite a significant contribution to the slowdown 
in global emissions from 2014 to 2016, emissions in China rise again, growing 2.5 percent 

CONTACT Weijie Luo luoweijie@cufe.edu.cn, w.luo@york.ac.uk Center for China Fiscal Development, Central 
University of Finance and Economics, Beijing 100081, China
1However, due to the impact of COVID-19, the evolution of emissions has undergone some changes. According to Le Quéré, 

Jackson, Jones, Smith, Abernethy, Andrew, De-Gol, Willis, Shan, Canadell, Friedlingstein, Creutzig, & Peters, (2020), daily 
global CO2 emissions decreased by 17% by early April 2020 compared with the average level in 2019, and the emissions in 
individual countries decreased by 26% on average at their peak. In short, the impact of COVID-19 on global carbon 
emissions trends depends on its duration. Both government actions and post-crisis economic incentives are also likely to 
influence the global CO2 emissions path for decades.
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in the last decade and 1.6 percent in 2018, to reach a record high of 13.7 GtCO2e in 2018 
(United Nations Environment Programme, 2019). As a major responsible country, and 
to cope with climate change and achieve its sustainable development goals, China has 
been working hard to save energy, reduce emissions, adjust energy structure, and 
advance green and low-carbon economic and social development. This is also an 
inevitable requirement of high-quality development.2

One's understanding of the transformation of the global climate governance model 
can benefit from exploring the construction of low-carbon cities in China. The Paris 
Agreement affirmed the important role of non-government actors in global climate 
governance, and established the Intended Nationally Determined Contributions 
(INDCs). China’s low-carbon city pilot policy (LCCPP) reflects the responsibility of 
local government for climate change under the mode of government-leading and 
business-participation. Based on expectations of high-quality development, both 
green and low-carbon development and innovation-driven development are inherent 
requirements. At present, the Chinese economy is in a critical period in which both of 
the aforementioned types of development are occurring. After  implementation of 
low-carbon regulations, to achieve the target of energy conservation and emission 
reduction, companies inevitably must conduct low-carbon technology research and 
development (R&D), and continuously improve their capability with environmental 
technology innovation. In this case, in addition to achieving the goal of low-carbon 
development by promoting enterprises to reduce emissions, does the low-carbon 
regulatory policy further enhance their total factor productivity (TFP)? The answer 
to this question is of great significance for achieving high-quality development. To 
address the question, it is practical to explore whether the LCCPP can affect firm TFP 
or in other words, whether the implementation of LCCPP conforms to the Porter 
hypothesis.

To explore the impact of LCCPP on TFP, it is necessary to clarify the theoretical 
relationship between environmental regulation and firm TFP. The existing literature 
related to this can be summarized into four categories. First, environmental regula-
tion generates compliance costs and increases the total production costs of firms. 
This is equivalent to imposing new constraints on production decisions and increas-
ing the difficulty of management, production, and sales, and thus reducing their TFP 
(Christainsen & Haveman, 1981; Gray & Shadbegian, 1993).

The second view is the Porter hypothesis. There are three versions of this 
hypothesis. The narrow Porter hypothesis emphasizes that more flexible environ-
mental policy tools, such as pollution charges and emissions trading, can stimulate 
corporate innovation more favorably than can be achieved with mandatory manage-
ment. The weak Porter hypothesis states that stricter environmental regulation 

2High-quality development is complicated and inclusive. The 19th National Congress of the Communist Party of China 
and the Central Economic Work Conference proposed that China’s economic development has entered a new era. The 
basic feature of China’s economic development in the new era is to shift from a stage of rapid growth to a stage of high- 
quality development. High-quality development is an economic development pattern, structure, and dynamic state 
that can meet the growing real needs of people via various more effective and more sustainable ways. At the micro 
level, high-quality development refers to the improvement of production factors, productivity, and total factor 
productivity, rather than the continuous expansion of factor inputs. From a meso and macro perspective, high-quality 
development refers to the upgrade of national economic structure, including energy, industrial, market, and regional 
structures, in order to allocate the resources more effectively, thereby promoting a more balanced, green, low-carbon 
and sustainable economy.
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promotes innovation, but their combined effects are uncertain. The strong Porter 
hypothesis affirms that the innovation offset effect caused by well-designed regula-
tion can be sufficient to compensate for the compliance costs, thereby improving 
enterprise productivity to a certain extent (Greenstone, List, & Syverson, 2012; Jaffe 
& Palmer, 1997; Porter & Linde, 1995). The narrow version of Porter hypothesis 
emphasizes the types of environmental regulatory policy, and the use of market or 
government mandate has different impacts on TFP. The weak version of Porter 
hypothesis stresses the effect of environmental regulation on innovation, and it is a 
prerequisite for the strong Porter hypothesis. This paper aims to test the weak and 
strong version of Porter hypothesis. Third, some studies suggest that environmental 
regulation is only a potential factor for TFP improvement, but fails to indicate its 
impact on TFP (Jaffe, 1995; Palmer, Oates, & Portney, 1995). Fourth, there is a 
complex and indeterminate nonlinear relationship between environmental regula-
tion and firm TFP. For example, different levels of environmental regulation may 
have different effects on TFP. Although the Porter hypothesis affirms a positive 
impact of environmental regulation (under a reasonable level) on TFP, the regula-
tion most Chinese firms encounter have yet reached an intensity that would stimu-
late technological innovation (Wang & Liu, 2014). In summary, the impact of 
environmental regulation on firm TFP is still away from reaching an agreement in 
theory.

In terms of empirical research, the studies that test the weak version of Porter 
hypothesis have reached a relatively consistent conclusion. In general, there is a 
positive association between environmental regulation and technological innovation 
(Lanoie, Laurent-Lucchetti, Johnstone, & Ambec, 2011; Rubashkina, Galeotti, & 
Verdolini, 2015), but the debate over the strong Porter hypothesis is still contro-
versial. Most empirical literature finds that environmental regulation leads to a fall 
in firm productivity (Greenstone, 2002; Rassier & Earnhart, 2010; Zhao & Sun, 
2016), whereas others indicate a positive association (Berman & Bui, 2001; 
Jefferson, Tanaka, & Yin, 2013), or even no influence on the competitiveness of 
firms (Anger & Oberndorfer, 2008; Lanoie, Laurent-Lucchetti, Johnstone, & Ambec, 
2011). From the perspective of industry, Cole, Elliott, and Okubo (2010) and Cole, 
Elliott, and Shimamoto (2005) use the US and Japanese industrial data and find a 
negative effect of environmental regulation on industrial competitiveness. According 
to the pollution shelter hypothesis, environmental regulation internalizes the exter-
nal pollution faced by companies, which increases their cost and impairs their 
export competitiveness (Baumol & Oates, 1988; Ollivier, 2016). Costantini and 
Mazzanti (2012) instead find that environmental policies do not reduce the export 
competitiveness of manufacturing firms. In addition, Albrizio, Kozluk, and Zipperer 
(2016) employ a combination of multinational industry- and firm-level data and 
find that environmental regulation promotes the productivity of the most productive 
one-fifth of firms, and reduces the productivity of those with lower rankings. 
Peuckert (2014) shows that in the short run, the cost of compliance due to 
environmental regulation is negatively related to competitiveness, while from a 
long-run perspective, the rise in intensity and effective implementation of regulation 
is conducive to the improvement in competitiveness.
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There is also a set of literature working on the case of China. For example, Jin 
and Lin (2014) test whether the air pollution levy improves firms’ technical 
efficiency and find that the levy rates improve their efficiency, while pollution 
quantity control targets show an insignificant effect. Naso, Huang, and Swanson 
(2020) investigate how firm TFP varies with an introduction of environmental 
regulation in China, and find that the regulation reallocates TFP across cities. 
When the regulation becomes effective, cities with lower level of firm productivity 
then experience an increase in productivity.

In addition, a series of articles further analyzes the relationship between environ-
mental regulation and green total factor productivity (GTFP). Telle and Larsson (2007) 
find that the intensity of environmental regulation has a positive effect on GTFP, but its 
correlation with TFP is insignificant. However, from the perspective of high-quality 
development, whether environmental regulation can simultaneously produce economic 
effects is of great significance for countries in formulating their environmental regulatory 
policies. Hamamoto (2006) and Yang, Tseng, and Chen (2012) use relevant manufactur-
ing data for Japan and Taiwan to test the relationship among the intensity of environ-
mental regulation, innovation activities, and TFP. Their results show that expenditures 
on pollution control are positively correlated with R&D investment, and the rise in R&D 
investment resulting from environmental regulation significantly promotes the further 
growth of TFP.

For the low-carbon policy, the existing literature widely focuses on its effect on 
the CO2 emission and the environment (Gehrsitz, 2017; Shen, Wu, Shuai, Lu, Chau, 
& Chen, 2018), rather than on economic outcomes, in particular the technological 
innovation and productivity of firms. Jiang (2015) proposes that a less developed 
pilot city, such as Guangyuan, could solve the CO2 emission dilemma while seeking 
its economic growth. Yang, Tseng, & Chen, (2017) find that the feasible low-carbon 
policy is conducive to promoting energy substitution and improving energy effi-
ciency and industrial transformation, and as a result increases the level of energy 
technology innovation. Cheng, Yi, Dai, and Xiong (2019) adopt the difference-in- 
differences model to explore the impact of China’s low-carbon city construction on 
the GTFP of cities. Low-carbon pilot cities are not only the main battlefields for 
controlling GHG emissions, but also the critical action units for promoting high- 
quality economic development. However, extensive research regarding the economic 
effects of LCCPP is still limited.

We believe this paper makes three contributions as follows. First, although current 
literature addressing environmental regulation and TFP or GTFP is relatively abundant, 
studies on the microeconomic impact of LCCPP at the firm level are rare. This paper 
examines how the LCCPP affects firm TFP by utilizing the data on China A-shares listed 
companies. Second, this paper uses the LCCPP as a quasi-natural experiment to con-
struct a multi-period difference-in-differences (DID) model to alleviate the problem of 
endogeneity. Third, our results conform to the weak Porter hypothesis, instead of the 
strong Porter hypothesis, which provides new insights for achieving a win-win situation 
between low-carbon and high-quality economic development. This can also be applied to 
cities in other developing countries seeking for a balance among energy conservation, 
environmental protection, and economic growth.
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The next section introduces a policy background. Section 3 describes the data and 
methodology. Section 4 contains the estimation results, and section 5 concludes.

2. Policy background

2.1. The construction of low-carbon cities in China

In China, cities have a heavy obligation to deal with climate change and reduce GHG 
emissions. In November 2009, China’s State Council executive meeting proposed that 
compared with 2005, China’s CO2 emissions per unit of GDP must be reduced by 40% to 
45% by 2020, and the ratio of non-fossil energy to primary energy consumption should 
be increased to 15%. To cope with the global climate change and energy crises and 
accelerate the transformation of economic development, China’s central and local gov-
ernments have implemented a substantial number of CO2 emission reduction policies 
over the past few years (Wang, Song, He, & Qi, 2015).

In 2010, China’s National Development and Reform Commission (NDRC) began the 
construction of low-carbon provinces, regions, and cities. Five provinces and eight cities 
were listed in the first batch of pilots. In order to comprehensively promote the con-
struction of an ecological civilization, the NDRC further launched the second batch (1 
province and 28 cities) in 2012. This emphasizes the need to establish a responsibility 
system for controlling GHG emissions, and clarifies the allocation and assessment of 
emission reduction tasks. Later, with incorporation of the elements of the Paris 
Agreement, cities were to play an increasingly significant role in climate change. To 
achieve the goal of emission reduction, energy constraints relief, and adaption to climate 
change, in 2017, the NDRC issued the Notice on the Third Batch of National Low-Carbon 
City Pilot Projects to further expand the scope of pilots. The third batch includes 41 cities 
and 4 counties and districts. Compared with the former two batches, the third is more 
widely and evenly distributed (see Figure 1).

The identification of low-carbon cities is based on the comprehensive consideration of 
the representativeness of cities, rather than their geographical location and economic 
development level. This attempt is beneficial to explore a replicable and extendable 
development mode for other cities. Indeed, the location of these three batches is relatively 
evenly distributed, and each batch covers the east, middle, and west part of China. 
Specifically, the first two batches cover most provinces (with at least one low-carbon 
pilot city) except for Hunan, Ningxia, Tibet, and Qinghai provinces. In addition, the pilot 
cities are widely representative, including both science and financial center such as 
Shanghai, resource-based city such as Jinchang, special economic zone such as 
Shenzhen, and old revolutionary base area such as Yan’an. Therefore, the selection of 
pilot cities indicates an absence of sample selection bias and related endogenous 
problems.

2.2. The theory

According to the low-carbon construction, the LCCPP can be summarized by the 
following measures: First, compile low-carbon development plans and formulate 
low-carbon technology roadmaps, especially in the areas of clean energy, circular 
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Figure 1. Distribution of three batches of low-carbon pilots in China. The first group includes 5 
provinces (Guangdong, Liaoning, Hubei, Shaanxi and Yunnan) and 8 cities (Tianjin, Chongqing, 
Shenzhen, Xiamen, Hangzhou, Nanchang, Guiyang and Baoding). The second group consists of 1 
province (Hainan) and 28 cities (Beijing, Shanghai, Shijiazhuang, Qinhuangdao, Jincheng, Hulun Buir, 
Jilin, the Greater Xing’an Mountains, Suzhou, Huai’an, Zhenjiang, Ningbo, Wenzhou, Chizhou, 
Nanping, Jingdezhen, Ganzhou, Qingdao, Jiyuan, Wuhan, Guangzhou, Guilin, Guangyuan, Zunyi, 
Kunming, Yan’an, Jinchang and Urumqi). The third group makes up 41 cities (including Wuhai, 
Shenyang, Dalian, Chaoyang, Nanjing, Changzhou, Jiaxing, Jinhua, Chenzhou, Hefei, Huaibei, 
Huangshan, Lu’an, Xuancheng, Sanming, Gongqingcheng, Ji’an, Fuzhou, Ji’nan, Yantai, Weifang, 
Changsha, Zhuzhou, Xiangtan, Quzhou, Zhongshan, Liuzhou, Sanya, Chengdu, Yuxi, Lhasa, Ankang, 
Lanzhou, Dunhuang, Xi’ning, Yinchuan, Wuzhong, Changji, Yining, Hotan, and Alar City) and 4 
counties and districts (Xunke, Changyang Tujia autonomous county, Qiongzhongli Miao autonomous 
county, and the Simao district of Pu’er city).
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economy, construction and transportation; Second, implemente mandatory systems 
and regulations (i.e., carbon emission control system, carbon emission report and 
verification, and punishment system), carry out the statistics, monitoring, and 
evaluation of GHG, and require firms to publicly disclose their energy conservation 
and emission reduction status, and similar reporting; Third, provide special funds 
and financial incentives, such as setting up special funds for low-carbon develop-
ment to subsidize enterprises in pilot cities; Fourth, promote low-carbon consump-
tion and lifestyles. It is obvious that the regulatory measures mostly focus on the 
production side, and companies are expected to bear the most difficult tasks during 
this construction.

Note that the LCCPP is distinct from previous environmental regulations. It is a 
comprehensive environmental regulation that relates to multiple fields, such as 
energy, construction, transportation, and consumption. The LCCPP not only 
improves the environment by optimizing energy efficiency and structure (Shen, 
Wu, Shuai, Lu, Chau, & Chen, 2018; Su, Liang, Chen, Chen, & Yang, 2012), but 
also has externalities that stimulate industrial and technological progress, promote 
the agglomeration of new industries, and provide upgrades to high-energy-consum-
ing industries (Liu & Qin, 2016). This paper thus explores the influence of LCCPP 
via the channel of cost and technology innovation. The mechanism is presented in 
Figure 2.

For the cost channel, on the one hand, low-carbon cities implement compulsory 
systems and regulations to encourage firms to reduce emissions at the cost of 
increased compliance costs. This then increases their total costs and hinders pro-
ductivity. Specifically, low-carbon pilot cities establish the carbon emission control 
system, quota management system, carbon emission trading, carbon emission report 
and verification, punishment, and legal regulation covering economic and industrial 
development, construction, transportation, water resources, and ecological environ-
ment. These cities also set up mandatory standards for firms and implement an 
industry admittance system. Those firms that fail to meet the standards are required 
to strictly restrict their emissions of waste gas and water during production. Thus, 
in practice, pollution control and emission reduction expenditure are required for 
ensuring low carbon levels, which increases firm costs and hinders productivity 
improvements.

On the other hand, low-carbon pilot cities adjust the costs and benefits of energy 
conservation and emission reduction through financial support and economic incen-
tives. First, low-carbon pilot cities set up special funds for low-carbon development 
that mainly subsidize firms located in pilot cities through investment subsidies, loan 
on favorable terms, tax incentives, and financial subsidies. After implementation of 
LCCPP, taking its environmental and social costs into account, the government 
formulates a reasonable energy price policy and offers certain benefits for the use of 
new materials, new energy, and new technologies. In addition, the pilot cities guide 
the development of low-carbon industry through the government procurement of 
low-carbon products and priority services. These preferential measures will increase 
the income of firms in pilot cities and compensate for the increased costs caused by 
policy regulation.
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In terms of the technological innovation channel, low-carbon pilot cities support 
and encourage the technological innovation by low-carbon industry, generating an 
innovation offset effect. The pilot cities establish a system for low-carbon technology 
research and development. They further formulate a low-carbon technology road-
map, and provide supports for product industrialization. Consequently, the trans-
formation of traditional industries is conducive to improving local firm TFP, and 
the exit (or shutdown) of low-efficiency but high-pollution firms can improve the 
average level of productivity. In addition, low-carbon pilot cities force firms to 
reduce emissions due to performance assessment and information disclosure, thus 
urging them to conduct technological innovation and increase productivity. 
Precisely, the pilot cities evaluate the completion of low-carbon tasks, which is 
included in the local annual target responsibility assessment system. They also 
require firms (or a voluntary basis) to publicly disclose their energy conservation 
and emission reduction status. As a consequence, firms reduce emissions under the 
pressure of government and consumer, to some extent promoting their technologi-
cal innovation.

In summary, the impact of LCCPP implementation on firm TFP depends on its cost 
effect and technological progress. In the context of China’s vigorous implementation of 
LCCPP, this paper implies a positive influence of the policy on firm productivity and 
competitiveness in the long term. However, whether the innovation compensation effect 
on TFP can counterbalance the negative effect due to increased regulatory costs remains 
to be explored.

The above analysis focuses on the average effect of LCCPP on firm TFP. Indeed, 
due to different conditions of carbon emissions among cities, the pressure to reduce 
emissions differs, leading to differences in specific approach and policy implementa-
tion intensity. If the implementation of the policy is not strict, then the effect of the 
cost channel or technology innovation channel will be weakened, which may result 
in an insignificant impact of LCCPP or one that is different from the average effect. 
For example, low-carbon pilot cities located in the eastern and western part enjoy 
different levels of economic development. The eastern pilot cities are more likely to 
pursue the quality of economic development, and thus implement the policy more 
intensely. In contrast, those in the western part still face the challenges of economic 
development and poverty alleviation and therefore, the implementation of the policy 
is somehow weaker. This leads to different impacts of LCCPP on TFP of firms 
located in the eastern and western pilot cities.

In addition, difference in firm size and age also has heterogeneous impacts of the 
policy. Larger and older firms are more likely to accumulate more fixed assets, 
and form a path dependence of production and operation. Therefore, they require 
more time and higher costs for technological transformation. The compensation 
effect of innovation brought about by R&D is hard to manifest or relatively small in 
the short run, so TFP of larger and older firms is more likely to be affected by 
LCCPP. Beyond that, they also attract more attention from the government and 
society during the implementation of low-carbon policy, which further affects 
their TFP.
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From a dynamic perspective, when firms are regulated by LCCPP, they need an 
adaptation period for adjustment, and thus its impact on TFP may be insignificant 
first. Subsequently, these firms update their equipment and conduct low-carbon 
technology R&D due to emission reduction tasks. The cost of equipment update 
in this stage leads to a negative impact on TFP. The innovation effect of R&D 
occurs gradually before having a positive impact on TFP (weak Porter hypothesis) 
and consequently, the inhibitory effect of cost on TFP is partially offset. When the 
innovation compensation effect exceeds the cost effect, then TFP begins to rise, 
consistent with the strong Porter hypothesis.

Finally, a few explanations are needed for the green component of TFP. This 
paper measures TFP in a traditional sense: the residual after deducting the con-
tribution of capital, labor, and intermediate inputs. Therefore, the relationship 
between innovation in TFP and environmental innovation is complicated. On the 
one hand, firms update equipment to reduce emissions (that is, increase capital 
investment), which will affect environmental (low-carbon) innovation, but we have 
excluded the contribution of capital investment in the calculation of TFP. On the 
other hand, firms increase R&D investment to conduct technological innovation that 
will generate positive economic externalities and increase their productivity levels, 
including environmental innovation. Therefore, this paper does not consider the 
impact of LCCPP on firm GTFP. First, due to the availability of firm-level data, we 
are unable to obtain the information on the types of investment towards equipment 
update and the specific destination of R&D investment. Second, the environmental 
effects of LCCPP and its impacts on urban green growth have already been widely 
demonstrated (see Cheng, Yi, Dai, & Xiong, 2019; Su, Liang, Chen, Chen, & Yang, 
2012; Yung & Chan, 2012). In particular, different from the work of Cheng, Yi, Dai, 
and Xiong (2019), which focuses on GTFP of cities, we aim to identify the micro-
economic effects of LCCPP as an environmental policy from the perspective of high- 
quality development.

3. Data and methodology

3.1. Data and summary statistics

Total factor productivity refers to the contribution of technological progress, 
rather than other inputs (such as capital and labor), to economic growth. This is 
an indicator to measure technological progress. Following Fang, Lerner, Wu, and 
Zhang (2018), Giannetti, Liao, and Yu (2015), and Schoar (2002), we calculate TFP 
as the residual εit from the following regression which is run industry-by-industry 
and based on firm-level data (using the Chinese Securities Regulatory 
Commission’s two-digit industry classification codes): 

yit ¼ αit þ βitlit þ γitkit þ δitmit þ εit (1) 

where yit, kit, lit, and mit refer to the natural logarithm of (one plus) firm i’s 
output, capital stock, labor, and materials in industry j in year t, respectively. We 
use revenue, total assets (size), the number of employees (employment), and cash 

JOURNAL OF APPLIED ECONOMICS 255



paid for goods and services (CPGS) of firms to measure output, capital stock, 
labor, and materials, respectively.3

Data on firm-level basic information used in the analysis are obtained from the China Stock 
Market Accounting Research (CSMAR) database. This paper covers the period over 2007– 
2016, given the implementation of new accounting standards in China in 2007. To obtain 
promising results, this paper excludes the observations in the financial industry and those 
under special markers (i.e., ST, *ST, suspension of listing, and delisting) from the sample.

In the following regression analysis, we use a number of firm-level control variables to 
capture their basic characteristics, such as size (measured by the natural logarithm of 
total asset), age (measured by the natural logarithm of the number of years between the 
established and observed year), the level of management (the ratio of management cost to 
total revenue), and the capital-to-labor ratio (the ratio of net fixed asset to the number of 
employees). Moreover, we also include firms’ financial information as further controls 
(see Cao, Lemmon, Pan, Qian, & Tian, 2019; Giannetti, Liao, & Yu, 2015; Jiang, Wan, & 
Zhao, 2013), such as the level of ROA, financial leverage, financial constraint (one minus 
the ratio of cash flow from operation to capital expenditure), and the liquid asset ratio (as 
a share of total asset). Table 1 reports summary statistics of all the variables.

Table 1. Summary statistics.

Variable Obs. Mean Sd. Min. Max.

ln(TFP) 20630 −0.018 0.384 −6.488 2.573
LCCPP 20711 0.379 0.485 0 1
Size 20708 8.030 1.298 5.282 11.974

Age 20707 2.745 0.348 0 4.127
ROA 20705 0.069 0.068 −0.164 0.306

Liquid assets ratio 20707 0.571 0.217 0.839 0.972
Capital-to-labor ratio 20677 0.520 0.933 0.012 6.610

Level of management 20678 0.101 0.093 0.009 0.642
Financial constraint 20708 0.045 0.077 −0.199 0.264

Financial leverage 20708 0.443 0.223 0.046 1.064
ln(Employment) 20705 7.524 1.323 3.829 11.040
ln(CPGS) 20639 6.892 1.662 2.663 11.301

ln(Revenue) 20678 7.373 1.484 3.520 11.492
ln(R&D) 11857 3.659 1.412 −0.364 7.560

ln(Cost in business) 20685 7.005 1.612 2.846 11.323
ln(Subsidy) 19612 2.390 1.398 0 6.423

ln(Patents) 4120 2.598 1.780 0 6.907

The table presents summary statistics of the variables. This paper uses the Cobb-Douglas production function to calculate 
the value of TFP. We use the natural logarithm to obtain the linearization, and as a result, the residual term of the 
linearized Cobb-Douglas production function is ln(TFP). Therefore, the variables related to the calculation of TFP need to 
be in a logarithmic form as well.

3The measurement of TFP in this paper is different from others working on the case of China (i.e., Bosworth & Collins, 
2008; Chow & Li, 2002) in two ways. First, our TFP refers to the research by Schoar (2002), Giannetti, Liao, and Yu (2015), 
and Fang, Lerner, Wu, and Zhang (2018), which is based on the total output and three elements (capital, labor, and 
intermediate input). They (Bosworth & Collins, 2008; Chow & Li, 2002) use the method on account of the added value to 
measure the TFP without considering the intermediate input. Second, we use the data on Chinese listed companies, 
commonly regarded as relatively higher quality, and their TFP levels are higher than the average level in the country. 
However, Bosworth and Collins (2008) and Chow and Li (2002) use the macro data, calculating the average level of TFP 
among companies in the country. In this sense, the average TFP level calculated in this paper may be higher than their 
estimation.
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3.2. Econometric specification

We treat the LCCPP as a quasi-natural experiment to investigate how this policy 
affects firm TFP utilizing the difference-in-differences (DID) model. This is an 
important method to identify the causal effect, through removing the influence of 
the pre-existing difference between the treatment group and control group, to 
obtain the average treatment effect of the low-carbon policy on firm TFP in the 
treatment cities.

The selection method of these three batches of pilot cities are consistent. The 
second batch of pilots is based on the first batch to further expand the number of 
representative cities. Although those cities that have not been awarded as the first 
batch of pilots may be affected by the result (plausibly more cities will apply for 
this title), whether they can obtain depends on the central government’s compre-
hensive consideration of regional representativeness. This can to some extent 
reduce the self-selection bias.

To estimate an accurate treatment effect, this paper sets the first two batches, compris-
ing 115 cities, as the treatment group and the others are set as the control group, given 
that the third one was implemented in 2017 and lacks statistical data. Specifically, the first 
batch was implemented in 2010, covering 82 cities (5 provinces and 8 cities), and the 
second batch was awarded in 2013, including 33 cities (1 province and 28 cities), as 
detailed in Figure 1. Therefore, this paper selects the period over 2010–2016 as the first 
batch of policy implementation years, and the period from 2013 to 2016 is chosen as the 
second.

The baseline model that investigates the impact of LCCPP on TFP is defined as: 

TFPit ¼ αþ βLCCPPit þ ϕXit þ ηi þ γt þ εit (2) 

where i represents each firm, t represents each time period, and εit is the error term. The 
dependent variable TFPit is a measure of total factor productivity at firm i in year t. The 
variable of interest is LCCPPit, a dummy variable that equals one if firm i is located in a 
low-carbon pilot city in year t, and zero otherwise. The coefficient, β, thus indicates the 
impact of two batches of low-carbon city pilot policy on TFP. A positive and significant β 
suggests that the policy exerts a positive effect on firms’ productivity, whilst a negative 
and significant β indicates that the policy pushes the level of productivity lower. Control 
variables analyzed above (such as firm-level basic and financial information) are included 
in the vector Xit. Moreover, we also include firm fixed effects, ηi, and time fixed effects, γt. 
Standard errors are clustered at the firm-level due to the potential correlation of error 
term, ε, within a firm.

4. Empirical results

4.1. Main results

The incentives and constraints of LCCPP directly reduce the carbon emissions of firms, 
but the change of their productivity in the process of emissions reduction remains to be 
explored. In other words, we aim to test the Porter hypothesis in China.
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4.1.1. The average treatment effect
This section is to test whether and how TFP across different firms systematically 
changes with LCCPP. Column (1) of Table 2 is a simple specification with just a 
measure of the policy, LCCPP, in the presence of fixed firm and year effects, using 
annual data regression, with robust standard errors clustered by firm. This shows 
the raw correlation, and we see a negative and significant relationship. Column (2) 
further adds full control variables analyzed above on the right-hand side on the 
basis of column (1). The results using full controls support those already found. 
Column (3) extends column (2) to include an interaction term of industry and year 
dummies to control for nationwide shocks such as industrial policy that shapes 
productivity across industries. In this specification, the sign of the coefficient 
estimate relating to LCCPP is negative, and statistically significant at the 5% level. 
This shows that the implementation of LCCPP significantly reduces firm TFP, which 
challenges the strong Porter hypothesis.

In Table 2, the results relating to the control variables are of some interest. First, 
it is difficult for firms with more assets to carry out technological transformation 
and upgrading, leading to a fall in TFP. Second, an increase in the management cost 
input indicates a lower level of management, which is harmful for TFP. Third, 
increased ROA shows more funds for compliance equipment and technological 

Table 2. Basic estimation results.

(1) (2) (3)
ln(TFP) ln(TFP) ln(TFP)

LCCPP −0.031*** −0.028*** −0.022**

(0.011) (0.009) (0.009)
Size −0.085*** −0.086***

(0.010) (0.010)
Age 0.062 0.048

(0.039) (0.042)
ROA 0.827*** 0.844***

(0.072) (0.075)

Liquid assets ratio −0.044 −0.025
(0.037) (0.037)

Capital-to-labor ratio 0.048*** 0.049***
(0.007) (0.007)

Financial leverage 0.064** 0.067**
(0.019) (0.030)

Level of management −2.102*** −2.113***

(0.147) (0.145)
Financial constraint 0.905*** 0.898***

(0.045) (0.045)
Year FE Yes Yes Yes

Industry FE * Year FE No No Yes
Firm FE Yes Yes Yes
N 20345 20322 20322

R2 0.528 0.678 0.684

Robust standard errors are clustered at the firm level in parentheses. ***, **, and * indicate statistical significance at 1%, 
5%, and 10%, respectively.
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transformation, and hence promotes the level of productivity. Fourth, greater capi-
tal-to-labor ratio gives a hint of higher productivity since firms with relatively 
higher ratio pay more attention to the update of equipment and investment in 
research and development. Fifth, the level of financial leverage and financial con-
straint is positively associated with TFP because firms with higher productivity 
demand more from financing, ultimately resulting in greater financing difficulty 
and higher cost.

4.1.2. Dynamic effects
The baseline estimation presents a static average treatment effect. However, whether the 
policy has a significant impact on firm TFP in each period calls for an exploration 
regarding its dynamic effects (see Figure 3).

As can be seen, the results of dynamic effects are consistent with the theory 
proposed in this paper. When firms in the first batch of low-carbon cities were 
regulated by LCCPP, they experienced an adaptation period to adjust, and thus 
changes in their TFP were insignificant in 2010. Later, those firms updated their 
equipment and conducted low-carbon technology R&D owing to their emission 
reduction tasks. The cost effect of equipment updates appeared first, so firm TFP 
in 2011 significantly declined after implementation of the first batch in 2010. 
Subsequently, TFP fell from 2014 to 2015, given the impact of the second batch 
implemented in 2012. The impacts in both 2012 and 2013 were insignificant, as it 
took some time for the second round of policy revisions to materialize. Moreover, as 
the innovation effect of R&D gradually occurred, it had a positive impact on TFP 
(weak Porter hypothesis), and the inhibitory effect of cost was partially 
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Figure 3. Dynamic effects of LCCPP on firm total factor productivity.
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counterbalanced. As a result, the negative effect in 2016 compressed. However, since 
the innovation compensation effect had not exceeded the cost effect, TFP did not 
show a rise trend, in contrast with the strong Porter hypothesis.

4.2. Robustness tests

4.2.1. Common trend test
One key assumption of the DID approach is that if the treatment group is not 
subject to the policy intervention, then the development trends of TFP for both 
treatment and control group are consistent and with no systematic differences 
occurring over time. To test the hypothesis, this paper retains the sample before 
the implementation of LCCPP, and obtains the estimated coefficient relating to 
LCCPP in 2008, 2009, and 2010, using 2007 as the baseline year. Column (1) of 
Table 3 suggests that the treatment and control group do not have differences in 
year-to-year changes before the implementation of the low-carbon pilot policy. 
This satisfies the common trend assumption.

4.2.2. Placebo test
The placebo test is to test the randomness of LCCPP by artificially changing the 
time point and span of policy implementation to conduct a counterfactual test. In 
fact, the implementation of other policies and some random factors may cause 
differences in firm TFP, and these differences are not caused by the implementa-
tion of LCCPP. This will make previous results invalid. Therefore, we assume that 
the policy of LCCPP was implemented in 2008 in advance and restrict the sample 

Table 3. Robustness checks.

(1) 
Common trend test 

ln(TFP)

(2) 
Placebo test 

ln(TFP)

(3) 
Balanced panel regression 

ln(TFP)

LCCPP08 −0.014

(0.015)
LCCPP09 −0.026

(0.017)

LCCPP10 −0.027
(0.020)

LCCPPD08 0.007 
(0.015)

LCCPPB −0.031**
(0.011)

Control variables Yes Yes Yes
Year FE Yes Yes Yes

Industry FE * Year FE Yes Yes Yes
Firm FE Yes Yes Yes
N 20322 4105 13414

R2 0.684 0.754 0.679

Control variables include firms’ Size, Age, ROA, Financial leverage, Financial constraint, Level of management Liquid assets 
ratio, and Capital-to-labor ratio. Robust standard errors are clustered at the firm level in parentheses. ***, **, and * 
indicate statistical significance at 1%, 5%, and 10%, respectively.
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covering 2008–2010. If the estimated coefficient of LCCPPD08 becomes insignif-
icant, then except the impact of LCCPP, there is indeed no systematic differences 
in TFP of the treatment and control group. This in turn proves the robustness of 
the common trend test and the randomness of the promulgation of LCCPP. If the 
coefficient is instead significant, then other random factors except LCCPP do affect 
the level of TFP. This shows an invalid conclusion in the previous common trend 
test. Column (2) of Table 3 supports the estimated results in Table 2.

4.2.3. Entry or exit of firms in the stock market
This paper covers the period over 2007 to 2016, but a large number of firms 
entered or exited the stock market during this period. This then results in a 
difference in sample size over the observed years. In order to eliminate this 
impact, we exclude firms that entered or exited the stock market between 2007 
and 2016, and only keep those with an age of 10 years and above to obtain a 
balanced panel regression. The results are contained in column (3) of Table 3. The 
estimated coefficient relating to the policy remains negative, and statistically sig-
nificant at the level of 5%, which manifests that the implementation of LCCPP 
significantly lowers the level of TFP.

Compared with the average effect of all firms (the estimated coefficient of 
LCCPP is −0.022), only considering those aged 10 and above (−0.031) implies 
that TFP is more affected by LCCPP. Older firms have more fixed assets accumu-
lation, and they are more likely to form a path dependence on the production and 
operation. When implementing a LCCPP, they will face greater transformation 
pressure, higher adjustment cost, and longer adjustment time period. This might 
be worse in dealing with environmental regulation. Therefore, the LCCPP has a 
greater impact on TFP of firms that have been established for a longer period.

4.2.4. Randomized placebo test
Another concern is that other unobservable characteristics of firms change over 
time or other policies, such as the Energy Saving Quota Policy, during the same 
period, may also function. Thus, we construct a randomized placebo test (Chetty, 
Looney, & Kroft, 2009; La Ferrara, Chong, & Duryea, 2012). Precisely, this paper 
randomly generates a list of low-carbon cities, and therefore obtains a falsification 
estimation. We then repeat this process 500 times, thereby generating 500 esti-
mates accordingly. Figure 4 depicts the distribution of the estimated coefficients 
obtained from the 500 placebo tests. It is clear that the vertical solid line, showing 
the actual treatment effect, is out of the distribution of the counterfactual effect. 
The results are consistent with the expectation of a placebo test, in support of our 
argument.

4.3. Mechanism analysis

The empirical analysis shown above establishes a robust negative statistical associa-
tion between the low-carbon policy and firm productivity, in contrast with the 
strong Porter hypothesis. We verify this relationship through the research and 
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development investment channel and total operating cost channel. The results are 
contained in Table 4.

In terms of research and development investment by firms, the estimated coefficient 
related to the policy variable, LCCPP, in column (1) of Table 4 is positive and statistically 
significant at the 1% level. This indicates that environmental regulation brings about an 
increase in research and development input by firms, and promotes technological 
innovation. Further, the number of patents can to some extent measure the innovation 
ability of firms. The coefficient of the policy variable in column (2) remains positive, 
demonstrating that the LCCPP enhances the number of patents by increasing firm 

Figure 4. Randomized placebo test.

Table 4. Mechanism.

(1) (2) (3) (4) (5)
ln(R&D) ln(Patents) ln(TFP) ln(Cost in business) ln(Subsidy)

LCCPP 0.099*** 0.235** 0.035** 0.082**
(0.033) (0.100) (0.015) (0.031)

ln(R&D) 0.043***
(0.006)

Control variables Yes Yes Yes Yes Yes

Year FE Yes Yes Yes Yes Yes
Industry FE * Year FE Yes Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes Yes
N 11509 3573 11509 20351 19288

R2 0.878 0.631 0.770 0.962 0.717

Control variables include firms’ Size, Age, ROA, Financial leverage, Financial constraint, Level of management, Liquid 
assets ratio, and Capital-to-labor ratio. Robust standard errors are clustered at the firm level in parentheses. ***, **, and * 
indicate statistical significance at 1%, 5%, and 10%, respectively.
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investment in research and development. To verify whether the funds of research and 
development caused by LCCPP lead to an increase in TFP, we regress TFP on research 
and development expenditures. Column (3) shows a positive relationship between TFP 
and research and development expenditures. This suggests that the research and devel-
opment capability is a partial mediation. The LCCPP urges firms to pay more attention to 
the improvement in research and development capability that leads to a rise in TFP, 
consistent with the weak Porter hypothesis.

From the perspective of the cost in business channel, the policy variable in column (4) 
of Table 4 is found to be positively associated with the compliance cost. This indicates 
that the LCCPP increases the cost in business which is harmful for TFP. In addition, in 
column (5) we find a positive association between the environmental policy and the level 
of subsidy, thereby suppressing the negative impact of rising compliance cost on firm 
productivity. However, this depends on whether firms use the subsidy to increase their 
productivity.

In short, the policy increases firm TFP through the research and development 
channel, but meantime curbs their productivity through the compliance cost 
channel. As we can see, the offset effect of innovation generated by the research 
and development channel is still less than that of regulation compliance cost. 
Consequently, this ultimately results in a decline in firm TFP, which challenges 
the strong Porter hypothesis.

4.4. Heterogeneity

Table 5 investigates the heterogeneity and employs the same specification as column (3) 
of Table 2. Therefore, we present a further analysis of heterogeneous effects of LCCPP in 
terms of firm size and geographical location.

Table 5. Heterogeneity.

(1) 
ln (TFP) 

Large firm

(2) 
ln (TFP) 

Small firm

(3) 
ln (TFP) 
Eastern

(4) 
ln (TFP) 

Central & Western

LCCPP −0.030*** −0.022 −0.026** −0.032

(0.011) (0.016) (0.010) (0.024)
Control variables Yes Yes Yes Yes

Year FE Yes Yes Yes Yes
Industry FE * Year FE Yes Yes Yes Yes

Firm FE Yes Yes Yes Yes
N 10285 10037 13744 6578

R2 0.731 0.625 0.698 0.645

The dependent variable is ln(TFP) in this table. Columns (1) and (2) report the impact of LCCPP on TFP by splitting the 
sample into large and small firms. Columns (3) and (4) report the impact of LCCPP on TFP by splitting the sample into 
the eastern region, and central & western region. Control variables include firms’ Size, Age, ROA, Financial leverage, 
Financial constraint, Level of management, Liquid assets ratio, and Capital-to-labor ratio. Robust standard errors are 
clustered at the firm level in parentheses. ***, **, and * indicate statistical significance at 1%, 5%, and 10%, respectively.
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4.4.1. Size heterogeneity
There are differences in fixed assets, financial status, technological upgrading cap-
ability, R&D and innovation capability, and management level among firms of 
different size. Therefore, we split the sample into small and large firms (according 
to the median value of total assets) to examine whether the results change with their 
size.

According to column (1) of Table 5, the policy, LCCPP, significantly reduces 
the level of TFP in the subsample with larger firms. The negative impact also 
survives in the small-firm subsample while the significance level declines. Energy- 
saving and emission reduction regulation lead to a shortage of corporate funds. 
For those relatively smaller firms, limited government financial resources hardly 
fully alleviate the shortage of innovation funds, and as a consequence, the effect of 
innovation channel has to take a longer time to manifest. In addition, smaller 
firms are also under greater pressure to survive, and seldomly obey the low-carbon 
policy implemented. Therefore, the impact of LCCPP on smaller firm TFP is 
relatively weak.

In contrast, although larger firms can obtain more financial funds, they also need 
a higher level of management to implement related regulations. In the short run, 
larger firms require more time and higher cost to conduct technological transforma-
tion as they have accumulated more fixed assets. Coupled with insufficient funds for 
R&D and innovation, the innovation compensation effect takes a longer time to 
appear, resulting in a smaller offset for the cost channel effect. Ultimately, TFP of 
larger firms is reduced by LCCPP. Moreover, larger firms attract more attention 
from the government and society during the implementation of low-carbon policy. 
Therefore, the impact of LCCPP on larger firms is more stringent, which leads to an 
increase in their compliance cost, and a sizable effect on TFP compared with the 
average treatment effect.

4.4.2. Location heterogeneity
Cities located in different regions are endowed with different energy structure, industrial 
structure, carbon emissions and economic development. As a result, both the standard 
and the intensity of the implementation of low-carbon policy vary. We incorporate the 
spatial location factor, and split the sample into the eastern region, and the central and 
western region.

In the eastern region, the LCCPP significantly inhibits firm TFP as shown in 
column (3) of Table 5. On the one hand, the eastern region has a higher level of 
economic development attached to greater importance of the quality of develop-
ment. This region also has a higher level of urban management and a stronger 
sense of low-carbon society, which leads to a strict and orderly policy implemen-
tation and a stronger influence on TFP compared with the average treatment 
effect. On the other hand, although the implementation of low-carbon policy in 
the eastern region is more stringent than the rest region, the intensity of the policy 
is still far from the level of the strong Porter hypothesis. From the technical 
approach, the low-carbon policy increases firms’ research and development 
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investment occurring in eastern cities, but the conversion from technological 
innovation into productivity requires a long period. Thus, in the short term, the 
effect of innovation can hardly compensate the inhibitory effect due to increased 
compliance cost, resulting in a fall in firm TFP.

However, the LCCPP in the central and western region shows an insignificant 
inhibitory effect on firm TFP as reported in column (4) of Table 5. First, economic 
growth is a priority in the local government, as their level of economic develop-
ment is lower than that in the eastern region. Second, the management level and 
public awareness of low-carbon in the central and western region are also lower. 
As a result, the central and western region has greater difficulties in implementing 
policy, and the effect of policy implementation is weaker. Further, the external 
environment for technological innovation in this region is also unsatisfactory. In 
particular, under the guidance of the state policy on the inter-regional industrial 
gradient transition, the central and western region tends to become the destination 
for the high energy-consuming and polluting firms transferred from the eastern 
region. The grim reality of resource depletion and ecological fragility seriously 
hinders the improvement of their technological innovation. In this situation, firms 
can hardly obtain more funds for technological innovation to meet the low-carbon 
requirement.

5. Conclusion

This paper investigates the effect of low-carbon city pilot policy on firm productivity in 
China, in order to test the Porter hypothesis. Focusing on the low-carbon policy allows us 
to use a difference-in-differences approach to identify the causal impact of environmental 
regulation on productivity.

We have three main findings. First, the decline in productivity is significantly 
larger in cities exposed to the low-carbon policy than in cities not subject to this 
policy. The negative relationship holds across various econometric specifications 
employed. Second, we find evidence that improvements in environmental regulation 
standards significantly promote the incentives of firms to innovate, while the 
regulation meantime significantly increases the compliance cost of firms. This is 
consistent with the weak Porter hypothesis but fails to fulfill the strong Porter 
hypothesis, since the innovative effect generated by the research and development 
channel is smaller than the cost of compliance in the short run. Third, the negative 
relationship between the LCCPP and TFP is stronger for both larger firms and those 
located in the eastern region.

Our results contribute to the literature in the policy implication. The insights obtained 
in this paper are also valuable for developing countries aiming at win-win situations 
between low-carbon transition and high-quality growth.
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